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(57) ABSTRACT 

The measurement data fairing method includes: determining 
an interval in which a geometrical element is to be fitted to 
measurement data, extracting, from the data, interval mea 
Surement data of the fitting interval and robustly fitting the 
element, removing, on the basis of a result of the robust 
fitting, outlier from the interval measurement data; comput 
ing a Statistic of a residual of the interval measurement data 
after the outlier removing Step; and removing, as invalid 
data, measurement data that exceeds a predetermined limit 
value of the statistic of the residual from the interval 

measurement data after the outlier removing Step on the 
basis of the Statistic of the residual computed in the com 
puting step. 

10 Claims, 15 Drawing Sheets 
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MEASUREMENT DATA FAIRING METHOD 

RELATED APPLICATIONS 

The present application claims priority from Japanese 
Patent Application No. 2002-80535, filed on Mar. 22, 2002, 
which is herein incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to a measurement 
data fairing method, and more particularly to the improve 
ment of a technique for Smoothing contour data. 

BACKGOUND OF THE INVENTION 

Measuring machines, Such as coordinate measuring 
machines (form measuring instruments, three-dimensional 
measuring machines, etc.), are used in order to conduct 
precise measurement of contour of objects. For instance, 
with coordinate measuring machines, a measuring Surface of 
a measured object is traced with a probe at a constant 
Sampling pitch and coordinate data of points on the mea 
Suring Surface are obtained, whereby contour information of 
the measuring Surface is obtained. 

In the above-described measuring machines, it is easy for 
noise to ride on the measurement data due to, for example, 
the measuring Surface being Scanned at a fast Speed with a 
probe, the use of a non-contact probe, or disturbances 
resulting from Signals and the like from an electrical Systems 
is input. For this reason, precise contour recognition 
becomes difficult using raw measurement data as it is. 

Thus, conventionally, when conducting contour recogni 
tion and the like, raw measurement data is not directly 
evaluated, but data is evaluated after fairing processing to 
remove noise components from the waveform of the raw 
measurement data has been administered to the data. 

Conventionally, a method Such as the following has been 
used as the measurement data fairing method. Namely, data 
of an initial fitting number is first obtained from contour 
data. Then, a geometrical element, Such as a circle or Straight 
line, is fitted to the data. Then, a fitting interval of the 
element is Successively extended from an endpoint of the 
element within a predetermined range of error with respect 
to Subsequent data (e.g., see Japanese Patent Application 
Laid-Open Publication (JP-A) No. 11-339052 and JP-A No. 
2000-331171). 

However, in the above-described conventional method, 
results of fairing processing of a waveform are easily 
disturbed by outlier, leaving room for improvement with 
respect to this point. 

Thus, conventionally, a method using digital filter pro 
cessing has been conceivable. However, when digital filter 
processing is used, division into plural intervals is necessary 
in order to minimize contour distortion resulting from the 
processing. In this division, it is necessary to divide into 
appropriate portions in accordance with the contour, and it 
is difficult to conduct versatile processing. 

With respect to each of the divided intervals, three 
dimensional data must be expanded to two-dimensional 
constant pitch data to match input of the filter. If the original 
data becomes an uneven pitch after the expansion, constant 
pitch processing thereof becomes newly necessary. Also, 
approximation of the data is conducted by the constant pitch 
processing. For this reason, the burden with respect to 
processing is heavy in digital filter processing. 

Additionally, because digital filter processing is not 
enough to Satisfy with Versatility with respect to the data, it 
has not come to be adopted as means for Solution. 
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2 
DISCLOSURE OF THE INVENTION 

The present invention was conceived in light of the 
above-described problems of the prior art, and it is an object 
thereof to provide a measurement data fairing method with 
which fairing processing of measurement data can be con 
ducted excellently while reducing the burden of the fairing 
processing of the measurement data. 

In order to achieve this object, a measurement data fairing 
method according to the invention is a measurement data 
fairing method that fits a geometrical element to measure 
ment data and conducts fairing processing of the measure 
ment data on the basis of a Statistic of a residual of the 
measurement data with respect to the geometrical element, 
the method comprising a fitting interval determination Step, 
a geometrical element fitting Step, an outlier removal Step, a 
Statistic computation Step, and an invalid data removal Step. 

In the fitting interval determination Step, an interval in 
which the geometrical element is to be fitted to the mea 
Surement data is determined. 

In the geometrical element fitting Step, interval measure 
ment data in the fitting interval is extracted from the mea 
Surement data and the geometrical element is robustly fitted 
to the extracted interval measurement data. 

In the outlier removal step, outlier is removed from the 
interval measurement data on the basis of the result of the 
robust fitting conducted by the geometrical element fitting 
Step, and the remaining interval measurement data is used as 
the interval measurement data. 

In the Statistic computation Step, a Statistic of a residual of 
the interval measurement data after the outlier removal Step 
is computed with respect to the geometrical element fitted in 
the geometrical element fitting Step. 

In the invalid data removal Step, measurement data that 
exceeds a predetermined limit value of the Statistic of the 
residual of the measurement data with respect to the geo 
metrical element is removed as invalid data from the interval 
measurement data after the outlier removal Step on the basis 
of the Statistic of the residual computed in the Statistic 
computation Step, and the remaining interval measurement 
data is used as the interval measurement data. 

In the invention, it is preferable to Successively conduct 
the geometrical element fitting Step, the outlier removal Step, 
the Statistic computation Step, and the invalid data removal 
Step with respect to a next fitting interval using, as a starting 
point of the next fitting interval, next data adjacent to an 
ending point of the interval determined in the fitting interval 
determination Step. 

Also, in the invention, it is preferable for the fitting 
interval determination Step to comprise an initial interval 
Setting Step, an initial fitting Step, and an interval extension 
Step. 

In the initial interval Setting Step, an initial interval of a 
predetermined data number is Set for the measurement data. 

In the initial fitting Step, initial interval measurement data 
in the initial interval Set in the initial interval Setting Step is 
extracted from the measurement data, and the geometrical 
element is fitted to the extracted initial interval measurement 
data. 

In the interval extension Step, the initial interval is 
extended in a range in which the residual of the measure 
ment data with respect to the geometrical element fitted in 
the initial fitting Step does not exceed a predetermined 
allowable residual of the measurement data with respect to 
the geometrical element, and the initial interval is used as the 
fitting interval of the geometrical element. 
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Also, in the invention, it is preferable for the fitting 
interval determination Step to comprise an interval number 
Setting Step, a moving average Step, and a dividing Step. 

In the interval number Setting Step, a number of intervals 
of the measurement data is Set. 

In the moving average Step, a moving average curve of the 
measurement data is Sought. 

In the dividing Step, the measurement data is divided, on 
the basis of a result when a length of the moving average 
curve Sought in the moving average Step has been divided at 
the interval number Set in the interval number Setting Step, 
into the interval number Set in the interval number Setting 
Step, and the divided intervals are respectively used as the 
fitting interval. 

Also, in the invention, the moving average Step preferably 
comprises an auxiliary data generation Step and a compu 
tation Step. 

In the auxiliary data generation Step, auxiliary data of at 
least one of prepositional data prepared at a portion before 
a starting point of the measurement data and postpositional 
data prepared after an ending point of the measurement data 
are generated. 

In the computation Step, the moving average curve is 
Sought from the measurement data and the auxiliary data. 

Also, in the invention, the auxiliary data are preferably 
generated by mirroring conversion using the Starting point or 
the ending point of the measurement data as a center. 

Also, in the invention, when a distance between the 
Starting point and the ending point of the measurement data 
is within a predetermined distance, the prepositional data are 
preferably generated using part of the measurement data 
positioned before the ending point of the measurement data 
and the postpositional data are preferably generated using 
part of the measurement data positioned after the Starting 
point of the measurement data. 

Also, in the invention, a type of the geometrical element 
preferably comprises one or two or more types Selected from 
the group consisting of a Straight line, a kinked line, and a 
circular arc. 

Also, in the invention, a type of the geometrical element 
preferably comprises plural geometrical elements. 

By "comprises plural geometrical elements' is meant not 
only types of elements Such a straight line, a kinked line, and 
a circular arc, but comprising elements whose starting points 
and directional vectors are different, even if the type of the 
element is the same Straight line. 

Moreover, in the invention, a starting point of the fitting 
geometrical element is preferably present on the geometrical 
element in an adjacent previous interval. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an explanatory diagram of the Schematic Struc 
ture of a device for conducting a measurement data fairing 
method pertaining to a first embodiment of the invention; 

FIG. 2 is an explanatory diagram of a characteristic fitting 
interval determining instrument in the device for conducting 
the measurement data fairing method pertaining to the first 
embodiment of the invention; 

FIG. 3 is an explanatory diagram of a processing order of 
the measurement data fairing method pertaining to the first 
embodiment of the invention; 

FIG. 4 is an explanatory diagram of the action of the 
measurement data fairing method pertaining to the first 
embodiment of the invention; 
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4 
FIG. 5A illustrates original data, FIG. 5B illustrates a 

result when initial fitting has been conducted with respect to 
the original data shown in FIG. 5A, and FIG. 5C illustrates 
a result when re-fitting has been conducted with respect to 
a waveform after the initial fitting shown in FIG. 5B; 

FIGS. 6A to 6C illustrate comparative results of a wave 
form when an allowable residual has been changed in the 
initial fitting shown in FIG. 5B; 

FIGS. 7A to 7C illustrate comparative results of a wave 
form when an allowable residual has been changed in the 
re-fitting shown in FIG. 5C; 

FIG. 8 is an explanatory diagram of a characteristic fitting 
interval determining instrument in a device for conducting a 
measurement data fairing method pertaining to a Second 
embodiment of the invention; 

FIG. 9 is an explanatory diagram of a characteristic 
moving average instrument in the fitting interval determin 
ing instrument shown in FIG.8; 

FIG. 10 is a flow chart illustrating a processing order in 
a characteristic fitting interval determination Step in the 
Second embodiment of the invention; 

FIG. 11 is a flow chart illustrating a processing order in a 
moving average step shown in FIG. 10; 

FIG. 12 is an explanatory diagram of a fitting Step in the 
embodiment of the invention; 

FIGS. 13A and 13B illustrate comparative examples of 
divisional positions of measurement data when a dividing 
step of the embodiment of the invention is used and when a 
common dividing Step is used; 

FIGS. 14A and 14B are explanatory diagrams of an 
auxiliary data generation Step of the embodiment of the 
invention; 

FIG. 15 is an explanatory view of a kinked line element 
of the embodiment of the invention; 

FIGS. 16A to 16D are explanatory diagrams illustrating 
positional relationships between the kinked line element and 
measurement data of the embodiment of the invention; 

FIG. 17 is an explanatory diagram of an invalid data 
removal step of the embodiment of the invention; 

FIG. 18 illustrates an example when a kinked line element 
is fitted to all data in the embodiment of the invention; 

FIGS. 19A and 19B illustrate results of measurement data 
fairing processing according to the embodiment of the 
invention; 
FIG.20 illustrates comparative results of edge contours of 

waveforms when the measurement data fairing method 
according to the embodiment of the invention is used and 
when a common measurement data fairing method accord 
ing to a Gaussian Filter is used; and 

FIGS. 21A to 21C illustrate comparative results of gains 
of waveforms when the measurement data fairing method 
according to the embodiment of the invention is used and 
when the common measurement data fairing method accord 
ing to the Gaussian Filter is used. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Preferred embodiments of the present invention will be 
described below on the basis of the drawings. 
First Embodiment 
The Schematic structure of a measurement data fairing 

device 10 for conducting a measurement data fairing method 
pertaining to a first embodiment of the invention is illus 
trated in FIG. 1. 
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The measurement data fairing device 10 illustrated in 
FIG. 1 comprises an interface 12, an allowable residual 
Setting instrument 14, a limit value Setting instrument 16, a 
fitting interval determining instrument 18, a geometrical 
element fitting instrument 20, an outlier removing instru 
ment 22, a Statistic computing instrument 24, and an invalid 
data removing instrument 26. 
A data buffer 30, which stores contour data from a 

measuring machine 28 Such as a coordinate measuring 
machine, is connected to the interface 12. The allowable 
residual Setting instrument 14, the limit value Setting instru 
ment 16, the fitting interval determining instrument 18, the 
geometrical element fitting instrument 20, the outlier remov 
ing instrument 22, the Statistic computing instrument 24, and 
the invalid data removing instrument 26 are also connected 
to the interface 12. 
An allowable residual with respect to geometrical 

elements, Such as a Straight line, a kinked line, and a circular 
arc, is Stored for each geometrical element in the allowable 
residual determining instrument 14. 
A limit value of a Statistic of a residual of the measure 

ment data with respect to the geometrical elements is Stored 
for each geometrical element in the limit value Setting 
instrument 16. 

Contour data from the measuring machine 28 that is 
stored in the data buffer 30 is inputted to the fitting interval 
determining instrument 18 via the interface 12. 

The fitting interval determining instrument 18 determines 
an interval in which the geometrical element is to be fitted 
to the measurement data from the data buffer 30. 

The geometrical element fitting instrument 20 extracts, 
from the measurement data, measurement data of the fitting 
interval determined by the fitting interval determining 
instrument 18 and robustly fits the geometrical element to 
the measurement data of the interval. 

The outlier removing instrument 22 detects outlier from 
the result of the robust fitting with respect to the geometrical 
element fitted by the geometrical element fitting instrument 
20, and removes the outlier from the interval measurement 
data. Interval measurement data from which the outlier has 
been removed is used as Second interval measurement data. 

The Statistic computing instrument 24 computes a Statistic 
of a residual of the Second interval measurement data with 
respect to the fitting geometrical element. 

The invalid data removing instrument 26 detects, as 
invalid data, Second interval measurement data that exceeds 
the limit value set by the limit value setting instrument 16, 
on the basis of the Statistic of the residual computed at the 
Statistic computing instrument 24, and removes the invalid 
data from the Second interval measurement data. Second 
interval measurement data from which the invalid data has 
been removed is used as third interval measurement data. 
When fairing processing of the measurement data of the 

interval is concluded, fairing processing of the adjacent next 
interval is initiated. Namely, in the present embodiment, the 
next datum adjacent to a terminal point of the interval 
determined by the fitting interval determining instrument 18 
becomes the Starting point of the next fitting interval. Then, 
fitting of the geometrical element by the geometrical ele 
ment fitting instrument 20 is Successively conducted with 
respect to the next fitting interval. Then, the removal of 
outlier by the outlier removing instrument 22, the Statistic 
computation by the Statistic computing instrument 24, and 
the removal of invalid data by the invalid data removing 
instrument 26 are repeated, whereby fairing processing is 
conducted with respect to all of the measurement data from 
the data buffer 30. 
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6 
It should be noted that, in the present embodiment, the 

measurement data fairing device 10 connects endpoints 
between each element after fitting of the present embodi 
ment to all of the data. 

Also, a manual input instrument 31, Such as a keyboard or 
a mouse, is comprised in the present embodiment. 
Parameters, such as the limit value and allowable residual of 
distance of Separation between each measurement datum 
and the geometrical element, are inputted for each geometri 
cal element by the manual input instrument 31. The allow 
able residual is Stored for each geometrical element in the 
allowable residual setting instrument 14. The limit value is 
Stored for each geometrical element in the limit value Setting 
instrument 16. 

Also, an external output instrument 32, Such as a display 
or printer, is comprised in the present embodiment. The 
result of the fairing processing and the like is outputted to 
the external output instrument 32. 

Moreover, in the present embodiment, it is possible to 
feedback fairing processing results obtained by the mea 
Surement data fairing device 10 to the measuring machine 
28. 
The characteristic feature in the present embodiment is 

that, as shown in FIG. 2, the fitting interval determining 
instrument 18 comprises an initial interval Setting instrument 
33, an initial fitting instrument 34, and an interval extending 
instrument 36. 

Namely, the initial interval setting instrument 33 sets an 
initial interval of a predetermined data number to the mea 
Surement data. 
The initial fitting instrument 34 extracts measurement 

data of the initial interval from the measurement data and 
robustly fits the geometrical element to the initial interval 
measurement data. 
The interval extending instrument 36 extends the initial 

interval in a range in which the residual of the measurement 
data with respect to the geometrical element initially fitted 
by the initial fitting instrument 34 does not exceed the 
allowable residual, and makes the initial intervals into the 
fitting intervals. 
The measurement data fairing device 10 pertaining to the 

present embodiment is Schematically structured as described 
above, and the action thereof will now be described with 
reference to FIG. 3. 

First, measurement data is imported from the data buffer 
to the measurement data fairing device (S10). 

Namely, when the geometrical contour of a Sample is of 
two-dimensionals, the data is imported as a two-dimensional 
data group. The positions of the coordinate data are then 
plotted on coordinate axes of a display. 
A parameter Setting Step (S12) is conducted after the 

importation of the data (S10). 
In the present embodiment, the parameter Setting Step 

(S12) comprises an allowable residual Setting step and a 
limit value Setting Step. 

Namely, in the allowable residual Setting Step, an operator 
inputs the allowable residual with respect to the geometrical 
element for each geometrical element using the manual 
input instrument. The allowable residual is set in the allow 
able residual Setting instrument. 

In the limit value Setting Step, the operator inputs the limit 
value of the Statistic of the residual of the measurement data 
with respect to the geometrical element for each geometrical 
element using the manual input instrument. The limit value 
is Set in the limit value Setting instrument. 
An fitting interval determination step (S14) is conducted 

after the parameter Setting step (S12). 
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Namely, in the fitting interval determination step (S14), an 
interval in which the geometrical element is to be fitted to 
the measurement data is determined. 

The characteristic feature in the present embodiment is 
that the fitting interval determination Step (S14) comprises 
an initial interval Setting step (S16), an initial fitting Step 
(S18), and an interval extension step (S20). 

In the initial interval setting step (S16), the initial interval 
of the predetermined data number is set to the measurement 
data. 

In the initial fitting step (S18), measurement data of the 
initial interval set in the initial interval setting step (S16) is 
extracted from the measurement data. The geometrical ele 
ment is robustly fitted to the measurement data of the initial 
interval. 

Namely, in the initial fitting step (S18), it is determined 
whether the geometrical element that is most approximate to 
the measurement data of the initial interval is a circle or a 
line. 

For example, a performance function ao(x^+y)-2a, X 
2ay+a=0 is fitted with respect to the measurement data of 
the initial interval, and parameters ao, a, a2, as of the 
performance function are Sought. 
A radius of curvature r is Sought from the Sought param 

eters ao, a 1, a2, as, a comparison of the size of the Sought 
radius of curvature r with the size of a referential radius of 
curvature R is conducted, and it is determined whether the 
geometrical element that is most approximate to the mea 
Surement data of the initial interval is a circular element or 
a Straight line element. 

Namely, if the Sought radius of curvature r is greater than 
the referential radius of curvature R, then the element that is 
most approximate to the measurement data of the initial 
interval is determined to be a linear element. If the Sought 
radius of curvature r is less than or equal to the referential 
radius of curvature R, then the element that is most approxi 
mate to the measurement data of the initial interval is 
determined to be a circular element. 

Fitting parameters are Sought after the determination of 
the type of the element. 

Namely, when the element that is most approximate to the 
measurement data of the initial interval is a linear element, 
a normal line vector (ne, n) and a distance c to an origin in 
nX+ny+c=0 are sought as fitting parameters. When the 
element that is most approximate to the measurement data of 
the initial interval is a circular element, then a center (a,b) 
and a radius r in {(x-a)+(y-b)}''-r=0 are sought. 

For example, as illustrated in FIG. 4, a linear element 38 
is fitted with respect to measurement data . . . d, d of the 
initial interval. 

Here, a Standard least Squares method is commonly used 
for fitting calculation of the geometrical element with 
respect to the measurement data. 

However, because it is assumed in the Standard least 
Squares method that there is no bias in the data and that error 
thereof is normally distributed, accurate fitting calculation 
can be conducted if the measurement data is common 
measurement data. 

In the measuring machine of the invention, noise easily 
rides on the measurement data due to, for example, the 
measuring Surface being Scanned at a fast Speed with a 
probe, the use of a non-contact probe, or disturbances 
resulting from Signals from an electrical System. For this 
reason, measurement data that greatly deviates from the 
geometrical element Sometimes arises. When there is mea 
Surement data that largely deviates from the geometrical 
element, there is the risk for the result of the fitting calcu 
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8 
lation to become abnormal, even if the number of the deviant 
data is minority. 

Thus, in order for the measuring machine used in the 
invention to conduct fairing processing of measurement 
data, there may be errors in a minority of the measurement 
data considering the incompleteness of the measurement 
data. However, considering that the majority of the mea 
Surement data is reliable, it is particularly preferable to adopt 
robust estimation for the fitting calculation. 
An example in which a straight line is extracted from the 

measurement data using biweight estimation, which is an 
example of robust estimation, will be described below. 

First, parameters a, b, and c of a Straight line ax+by +c=0 
are derived by the Standard least Squares method using all of 
the measurement data of the initial interval. After the param 
eters have been derived, weight is added to each measure 
ment datum. 

Namely, a weight function w(d) that can be expressed as 
the following equation 1 in a directional orthogonal to the 
Straight line is conceived with respect to the Sought Straight 
line. W(d) is derived from a sign-attached distanced from the 
Straight line. W(d) is used for the weight of the data. 

Equation 1 

Here, the computed weight becomes a level of how much 
the measurement data is to be emphasized at the time the 
Straight line is computed. For instance, it can be thought that 
the larger the computed weight is, the more important is the 
measurement data. 

After the weight has been added to each measurement 
datum as described above, the Straight line is again Sought 
by the weighted least Squares method. 

Namely, the Straight line is again Sought using the 
weighted least Squares method while considering the weight 
that has been added to each measurement datum. By doing 
this, the Straight line is Sought where measurement data 
close to the initially Sought Straight line largely contribute to 
Straight line calculation and far measurement data do not 
contribute to Straight line calculation. For this reason, the 
probability with which a valid straight line is sought can be 
raised. 

Here, there is the possibility that a Straight line that cannot 
be said to yet have a Sufficient degree of precision is Sought 
when the Straight line is Sought only one time. For this 
reason, a comparison is made between the previously Sought 
Straight line and the currently Sought Straight line, and it is 
checked to See whether or not there is a large difference. 
Namely, when there is not a large difference, the Sought 
straight line is determined to be a fitting element. When there 
is a large difference, the addition of weight to each mea 
Surement datum and re-seeking of the Straight line by the 
weighted least Squares method are repeated. 

It should be noted that the seeking can be done with the 
Same algorithm even when an element other than a Straight 
line is Sought. For instance, in the case of a circle, the weight 
function w(d) is considered in a direction orthogonal to a 
tangent of the circle. 
AS a result, in the Standard least Squares method, the result 

of the fitting calculation ends up being taken bad influence 
with respect to measurement data (outlier) that is extremely 
far from the geometrical element. In contrast, because robust 
estimation is used in the present invention, it is possible to 
largely reduce the influence that measurement data 
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extremely far from the geometrical element exert on the 
result of the fitting calculation. 

Because the weight of outlier becomes Substantially Zero, 
estimation of outlier can be easily conducted from the result 
of the robust fitting. 

After the initial fitting step (S18) using the robust 
estimation, the interval extension step (S20) is conducted. 

Namely, in the interval extension step (S20), the interval 
is extended within a range in which the residual of the 
measurement data with respect to the initially fitting geo 
metrical element 38 does not exceed the allowable residual, 
and is used as the fitting interval of the geometrical element 
38. 

In the present embodiment, it is Successively determined 
whether the geometrical element 38 is applicable with 
respect to Subsequent measurement data d, d, d. . . . 
from the measurement datum di of the endpoint of the initial 
interval shown in FIG. 4. 

For instance, the geometrical element 38 is Successively 
fitted with respect to the measurement data d, d2, d. . . . 
positioned within a range of an allowable residual in which 
the distance of Separation from the geometrical element 38 
is predetermined for the geometrical element 38. 
When a data d7, in which the distance of Separation from 

the geometrical element 38 exceeds the range of the allow 
able residual, is detected, it has generally been determined 
that the measurement data d7 is a different element Separate 
from the geometrical element 38, but in actuality there are 
also cases where it is an outlier resulting from noise. 

For this reason, conventionally, the results of fairing 
processing are easily disturbed by outlier and the like, 
leaving room for improvement of the precision with which 
the geometrical element is fitted to the measurement data. 

Namely, as shown in FIG. 4, the measurement data d, 
d. . . . d, to which the geometrical element 38 has been 
fitted, are positioned within the range of the predetermined 
allowable residual for the geometrical element 38, but there 
ends up being a Straight line in which the degree of precision 
cannot be Said to be Sufficient with respect to the measure 
ment data d1 d2 . . . d. 7. 

Thus, in the present embodiment, a geometrical element 
fitting Step (S22), which is a re-fitting Step, is conducted with 
respect to measurement data of a new interval after the 
fitting interval determination step (S14). 

Namely, in the geometrical element fitting step (S22), 
measurement data of the new interval is extracted from the 
measurement data. The geometrical element is robustly 
fitted to the measurement data of the new interval. 
More specifically, in the geometrical element fitting Step 

(S22), robust fitting calculation is again conducted with 
respect to measurement data . . . d, d, . . . de of the new 
interval determined in the interval extension step (S20). A 
geometrical element that is most approximate to the mea 
Surement data . . . d, d, . . . de of the new interval is 
re-fitted. For example, a linear element 40 illustrated in FIG. 
4 is fitted. 
As a result, although the initially fitting element 38 

illustrated in FIG. 4 could not have been said to have a 
Sufficient degree of precision with respect to the measure 
ment data d, . . . d, the re-fitting element 40 illustrated in 
FIG. 4 excellently approximates the measurement data . . . 
di-1, d, . . . d. 6. 

After the geometrical element fitting step (S22), an outlier 
removal step (S24) is conducted. 

Namely, in the outlier removal step (S24), as a result of 
the element 40 being robustly fitted in the geometrical 
element fitting Step (S22), data in which the weight has 
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10 
become Zero is estimated and detected as outlier. This outlier 
is removed from the measurement data of the interval, and 
the remaining measurement data of the interval is used as 
Second interval measurement data. 

After the outlier removal step (S24), a statistic computa 
tion step (S26) is conducted. 

Namely, in the Statistic computation step (S26), a statistic 
of the residual of the Second interval measurement data is 
computed. For instance, a Statistic (standard deviation) O of 
the residual of the Second interval measurement data with 
respect to the element that was fitted as described above, i.e., 
the measurement data of the interval from which the outlier 
was removed, is computed. 

After the Statistic computation step (S26), a threshold, 
e.g., a threshold (limit value) 3O, is set using the Sought 
Statistic O as a unit. 

After the setting of the threshold, an invalid data removal 
step (S28) is conducted. 

Namely, in the invalid data removal step (S28), second 
interval measurement data that exceeds the threshold is 
regarded as invalid data and removed from the Second 
interval measurement data on the basis of the threshold 3O 
that was set as described above, and the remaining mea 
Surement data of the Second interval is used as third interval 
measurement data. In this manner, in the invalid data 
removal step (S28), the validity/invalidity of the measure 
ment data points is judged on the basis of the threshold 3O 
that was Set as described above. 

In this manner, in the present embodiment, robust esti 
mation is used for the fitting calculation. Moreover, when 
the new interval is determined after the initial fitting, fitting 
of the geometrical element is again conducted with respect 
to the measurement data of the new interval using robust 
estimation. 

FIG. 5A illustrates data in which spike noise has been 
added to contour data of an airfoil to which Gaussian noise 
has been added. FIG. 5B illustrates the result of initial robust 
fitting with respect to the data shown in FIG. 5A. FIG. 5C 
illustrates the result when robust fitting has been conducted 
again between the respective elements with respect to the 
result of the initial fitting shown in FIG. 5B. 
As is clear from FIG. 5C, after the geometrical element 

fitting step (S22) of the present embodiment, i.e., after 
re-fitting, discontinuity between the respective elements is 
reduced in comparison with the initial fitting step (S18) 
shown in FIG. 5B, even in a case where the allowable 
residual is large. 

Results when the allowable residual has been changed in 
the initial fitting step are illustrated in FIGS. 6A to 6C. FIG. 
6A illustrates a result when the allowable residual is 0.075 
mm, FIG. 6B illustrates a result when the allowable residual 
is 0.1 mm, and FIG. 6C illustrates a result when the 
allowable residual is 0.25 mm. 

After the initial fitting shown in FIGS. 6A to 6C, the 
discontinuity between the respective elements becomes con 
spicuous as the allowable residual becomes larger. 

Results when the allowable residual has been changed in 
re-fitting are illustrated in FIGS. 7A to 7C. 

FIG. 7A illustrates a result when the allowable residual is 
0.075 mm, FIG. 7B illustrates a result when the allowable 
residual is 0.1 mm, and FIG. 7C illustrates a result when the 
allowable residual is 0.25 mm 
As is clear from FIGS. 7A to 7C, when robust fitting 

calculation is again conducted at each element interval with 
respect to the results of the initial fitting, the discontinuity 
between the respective elements is largely Suppressed in 
comparison with after the initial fitting shown in FIGS. 6A 
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to 6C, even when the allowable residual becomes larger. 
Moreover, the processing results being effected by Spike 
noise is largely reduced. 
AS described above, according to the measurement data 

fairing method pertaining to the present embodiment, robust 
estimation is used for the fitting calculation of the geometri 
cal element with respect to the measurement data. AS a 
result, in the present embodiment, it is possible to largely 
reduce the adverse affects of outlier on the fairing result in 
comparison with a case in which the Standard least Squares 
method is used. Accordingly, in the present embodiment, 
fairing processing that is more approximate to the measure 
ment data in comparison with conventional technology can 
be conducted. 

oreover, in the present embodiment, robust re-fitting is 
conducted after determination of the new interval after the 
initial fitting. As a result, in the present embodiment, it is 
possible to even more largely SuppreSS the discontinuity 
between the elements in comparison with a case where 
re-fitting is not conducted. Accordingly, in the present 
embodiment, fairing processing that is more precisely 
approximable to the measurement data in comparison with 
conventional technology can be conducted. 

Also, in the present embodiment, because there is no 
additional processing necessary when a digital filter or the 
like is used, fairing processing can be conducted more easily 
and in a shorter amount of time in comparison with con 
ventional methods. 

Also, in the present embodiment, because the detection 
and removal of outlier is conducted by the outlier removal 
Step, affects resulting from outlier can be automatically 
avoided. 

Also, in the present embodiment, a statistical threshold is 
applied with respect to measurement data from which has 
been removed data that has been judged to be outlier by the 
invalid data removal Step. Because measurement data points 
that exceed this threshold are detected as invalid data, the 
determination between invalid data and valid data can be 
conducted Statistically. For this reason, in the present 
embodiment, by removing the invalid data, affects of mea 
Surement data separate from the distribution center can be 
automatically avoided with respect not only to Spike noise 
but also to Gaussian noise. 

It should be noted that the present invention is not limited 
to the above-described embodiment and that various modi 
fications are possible within the range of the gist of the 
invention. 

For example, in the above-described Structure, an 
example was described in which the determination of 
whether the element to be fitted to the measurement data was 
a Straight line or a circle was conducted on the basis of the 
radius of curvature of the data. However, the present inven 
tion is not limited to this structure. AS long as robust 
estimation is used, an optional method can be applied. For 
example, in the determination of whether the element to be 
fitted to the measurement data is a Straight line or a circle, 
a fitting data number of the Straight line can be compared 
with a fitting data number of the circle, and the contour for 
which the applicable data number is large can be made into 
the contour of that element. 
Second Embodiment 

The Schematic structure of a characteristic fitting interval 
determining instrument in a device for conducting a fairing 
method pertaining to a Second embodiment of the invention 
is illustrated in FIG. 8. 100 will be added to reference 
numerals of portions corresponding to portions in the first 
embodiment, and explanation thereof will be omitted. 
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The characteristic feature in the present embodiment is 

that, as shown in FIG. 8, a fitting interval determining 
instrument 118 comprises an interval number Setting instru 
ment 142, a moving average instrument 144, and a dividing 
instrument 146. 

In the interval number setting instrument 142, the number 
of intervals of measurement data is Set. 
The moving average instrument 144 Seeks the moving 

average curve of the measurement data. 
The dividing instrument 146 seeks a length of the moving 

average curve Sought by the moving average instrument 
144, divides the measurement data into the interval number 
Set in the interval number Setting instrument 142 on the basis 
of the result of the Sought moving average curve length 
being divided by the interval number set in the interval 
number Setting instrument 142, and uses the divided mea 
Surement data as the fitting intervals. 
The characteristic feature in the present embodiment is 

that, as shown in FIG. 9, the moving average instrument 144 
comprises an auxiliary data generating instrument 148 and a 
moving average computing instrument 150. 
The auxiliary data generating instrument 148 generates 

auxiliary data of at least one of prepositional data prepared 
at a portion before a starting point of the measurement data 
and postpositional data prepared after an ending point of the 
measurement data, in order to Suppress transient phenomena 
at the time the moving average curve is Sought. 
The moving average computing instrument 150 Seeks the 

moving average curve from the measurement data and the 
auxiliary data. 
The measurement data fairing device pertaining to the 

Second embodiment of the invention is Schematically struc 
tured as described above, and the action thereof will be 
described below. 

First, the characteristic fitting interval determination Step 
in the present embodiment is conducted after the data 
importation Step and the parameter Setting Step. 

Namely, as shown in FIG. 10, a fitting interval determi 
nation step (S114) comprises an interval number Setting Step 
(S130), a moving average Step (S132), and a dividing Step 
(S134). 

In the interval number setting step (S130), an operator 
inputs the number of intervals of the measurement data 
using the manual input instrument. This number is Stored in 
the interval number Setting instrument. 

After the interval number setting step (S130), the moving 
average Step (132) is conducted. 

Namely, in the moving average step (S132), the moving 
average curve of the measurement data is Sought. 

After the moving average Step (S132), the dividing step 
(S134) is conducted. 

Namely, in the dividing step (S134), the length of the 
moving average curve is Sought, the measurement data is 
divided into the interval number set in the interval number 
setting step (S130) on the basis of the result when the 
moving average curve length is divided by the interval 
number at the interval number setting step (S130), and the 
divided measurement data is used as the fitting intervals. 
As shown in FIG. 11, the moving average step (S132) 

comprises an auxiliary data generation Step (S136) and a 
moving average computation Step (computation Step) 
(S138). 

In the auxiliary data generation Step (S136), auxiliary data 
of at least one of the prepositional data prepared at the 
portion before the Starting point of the measurement data 
and the postpositional data prepared after the ending point of 
the measurement data is generated. 
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For example, the auxiliary data is generated by mirroring 
conversion using the ending point of the measurement data 
as a center. In particular, in a case where the distance 
between the ending point and the Starting point of the 
measurement data is within a predetermined distance, the 
prepositional data is generated using part of the measure 
ment data positioned before the ending point of the mea 
Surement data. The postpositional data is generated using 
part of the measurement data positioned after the Starting 
point of the measurement data. 

After the auxiliary data generation step (S136), the mov 
ing average computation step (S138) is conducted. 

Namely, in the moving average computation step (S138), 
the moving average curve is Sought from the measurement 
data and the auxiliary data. 

After the moving average step (S132), the geometrical 
element fitting Step, the outlier removal Step, the Statistic 
computation Step, and the invalid data removal Step are 
conducted. 

In this manner, in the present embodiment, the length of 
the moving average curve is Sought by the dividing Step 
(S134). Additionally, the sought length of the moving aver 
age curve is divided by the interval number set in the interval 
number setting step (S130). Based on the result of that 
division, the measurement data is divided into the interval 
number set in the interval number setting step (S130), 
whereby it is made into fitting intervals having a predeter 
mined length on a moving average curve. 

After the dividing step (S134), the geometrical element 
fitting Step is conducted. 

For example, as shown in FIG. 12, a kinked line 
(geometrical element) 130 is fitted with respect to measure 
ment data d of the fitting intervals. In other words, best fit of 
the kinked line 130 comprising a node 156 is conducted 
using robust estimation with respect to a starting point 154, 
and a left-side segment 158 and a right-side half-line 162 are 
Sought. 
AS a result, in the present embodiment, Similar to the first 

embodiment, because discontinuity at each fitting interval 
does not arise while the processing burden is reduced, 
excellent waveform fairing can be conducted. Moreover, in 
the present embodiment, the detection and removal of out 
lier can be conducted at the same time as the waveform 
fairing by the kinked line. 

The characteristic steps in the present embodiment will be 
described in greater detail below. 
<Fitting Interval Determination Step> 
When the measurement data d are divided into intervals, 

the data are ordinarily divided at dividing positions 166 
based on the distance of a common curve 164 joining the 
measurement data d, as shown in FIG. 13A. However, in this 
case, there are affects resulting from noise. 

Thus, in the present embodiment, when the dividing 
positions of the measurement data d is determined, a dis 
tance between the data points processed by a two 
dimensional moving average filter expressed by the follow 
ing equation 2 is used. In other words, the dividing positions 
166 of the measurement data dare determined on a moving 
average curve 168 joining filtering points, as shown in FIG. 
13B. 

1 kW (2 1 kW (2 Equation 2 
(xi, yi) = w X. Wi+k, ..., X. yi+k 

k=-W2 k=-W2 

W is a size of a window corresponding to a cutoff 
wavelength. 
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AS a result, in the present embodiment, by using the 

moving average filter to determine the dividing positions of 
the measurement data d, the influence of noise at the time the 
measurement data are divided can be largely Suppressed. 
Moreover, in the present embodiment, because calculation 
of the moving average filter is easy, can lighten the burden 
with respect to the determination processing of the division 
directions of the measurement data. 
<Auxiliary Data Generation Step> 

In the moving average filter processing, when both ends 
of the measurement data are open, transient phenomena 
approximate to the Starting point and the ending point are 
generated. 

Thus, in the present embodiment, in order to Suppress 
transient phenomena at the time the moving average curve 
is Sought, and particularly transient phenomena approximate 
to the Starting point and the ending point, auxiliary data of 
at least one of the prepositional data prepared at the portion 
before the Starting point of the measurement data and the 
postpositional data prepared after the ending point of the 
measurement data is prepared. 

Additionally, in the present embodiment, the moving 
average curve is Sought in the moving average computation 
Step from the measurement data and the generated auxiliary 
data. 

In the present embodiment, when the distance between 
the ending point and the Starting point of the measurement 
data is within the predetermined distance (when both ends of 
the measurement data are closed), the prepositional data are 
generated using part of the measurement data positioned 
before the ending point of the measurement data. 
Additionally, the postpositional data are generated using part 
of the measurement data positioned after the Starting point of 
the measurement data. 

Namely, in the present embodiment, as shown in FIG. 
14A, fitting calculation of a Straight line is conducted and an 
average line 170 is determined using measurement data di of 
intervals corresponding to the cutoff wavelength of the 
moving average filter from a starting point d (ending point 
d) of the measurement data d. 

Next, the average line 170 is extended to a prepositional 
(postpositional) region, and prepositional data D, 
(postpositional data D) are generated by mirroring conver 
Sion in which a point at which the Starting point d of the 
measurement data (ending point d of the data) is projected 
on the average line 170 is used as a mirror center 172. 
When both ends of the measurement data dare closed, as 

shown in FIG. 14B, the measurement data from the ending 
point d, (starting point d) of the measurement data is used 
as it is for the prepositional (postpositional) data at the 
Starting point d Side (ending point d, Side) of the measure 
ment data. 
<Fitting Step and Outlier Removal Step> 

In the present embodiment, after the measurement data 
has been divided through the moving average filter as 
described above, the moving average curve is used as the 
fitting geometrical element with respect to the measurement 
data of each fitting interval. For instance, the kinked line 
element 130 shown in FIG. 15 is used as the fitting geo 
metrical element. 

In the kinked line element 130, the starting point 154 (x, 
y) of the left-side segment 158 is made to coincide with a 
node of the previous kinked line element that has already 
been determined, and is fixed. Unknown parameters are used 
as coordinate values of the node 156 (x, y) between the 
left-side segment 158 and a right-side half-line 162 and a 
directional vector 174 (t, t) of the right-side half-line 162 
from the node 156. 
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Namely, in the present embodiment, because the Starting 
point of the fitting kinked line element (geometrical 
element) is made to coincide with the immediately previous 
node that has already been determined, continuity of the 
kinked line in each fitting interval can be reliably main 
tained. 

The data that is the target of fitting in this case become all 
of the data from the data corresponding to the node that has 
just been determined to the present interval, and the data of 
the interval for which fitting processing is about to be 
conducted. 

In other words, in a case where a node is present at the 
current interval, the data from the immediately previous 
node position to the node position of the current interval is 
approximated to the left-side segment 158. The remaining 
data of the current interval is approximated to the right-side 
half-line 162. 

Robust fitting according to the kinked line element 130 is 
conducted with respect to the measurement data of each 
fitting interval. 

In the present embodiment, similar to the first 
embodiment, the parameters of the kinked line element that 
is the geometrical element are determined by the robust least 
Squares method. A performance function f of each measure 
ment datum is defined in the following manner by the 
positional relationship that becomes the shortest distance to 
the kinked line element. 

Namely, when the measurement data and the kinked line 
element are in the positional relationship shown in FIG. 
16A, the performance function f expressed by the following 
equation 3 is used. 

-(x, - xf). (y-yf) + (y; -yf), (x, - xf) Equation 3 

In the positional relationship shown in FIG. 16B, the 
performance function f expressed by the following equation 
4 is used. 

f=V(x-x)+(yi-y) Equation 4 

In the positional relationship shown in FIG. 16C, the 
performance function f expressed by the following equation 
5 is used. 

f=V(x-x, -(y-y) Equation 5 

In the positional relationship shown in FIG. 16D, the 
performance function f expressed by the following equation 
6 is used. 

f=|-(x-x.):t,+(y-y)'t, Equation 6 

When the weight in each measurement datum is w, a 
parameter that minimizes the following equation 7 is deter 
mined. 

W Equation 7 

d =X w.f. 
i=1 

The stationary condition of d can be provided by the 
following equation 8. 
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i . Vd = j. f = 0 Equation 8 

Because the coordinate values (x, y) of the node 156 and 
the directional vector (t, t) of the right-side half-line 162 
from the node 156 are determined by solving this equation, 
an optimum kinked line element is determined with respect 
to the measurement data. 

However, in equation 8, J is Jacobian and f is a perfor 
mance function vector that are represented by the following 
equation 9. 

of fox, off dy, off ot, off Öty Equation 9 
i = 

of fox, of foy, ofv föt, off Öty 

f 
f : 

fw 

In the present embodiment, the Stationary condition is 
nonlinear, and in determining the parameters, detection of 
outlier can be conducted at the Same time as robust fitting of 
the kinked line element by using a robust nonlinear least 
Squares method and Solving. 

Namely, outlier is detected from the result of the robust 
fitting by the outlier removal Step, and the outlier is removed 
from the measurement data. 
<Invalid Data Removal Step> 

Next, in the present embodiment, the Statistic computation 
Step is conducted. 

Namely, in the Statistic computation Step, the Statistic 
(standard deviation) O of the residual of the second interval 
measurement data with respect to the kinked line element 
that was fitted as described above, i.e., the measurement data 
of the interval from which the outlier was removed, is 
computed. 

Additionally, the threshold, e.g., a threshold 3O, is Set 
using the Sought Statistic O as a unit. 

After the setting of the threshold, the invalid data removal 
Step is conducted. 

Namely, in the invalid data removal step, the validity/ 
invalidity of the measurement data points is determined at 
the threshold 3O that was set as described above. 

For example, as illustrated in FIG. 17, measurement data 
d that become performance amounts exceeding the thresh 
old 3O with respect to a kinked line element 138 are detected 
as invalid data and removed. 

Also, in the present embodiment, the geometrical element 
fitting Step, the outlier removal Step, the Statistic computa 
tion Step, and the invalid data removal Step are Successively 
conducted using the node of the interval determined in the 
fitting interval determination Step as the Starting point of the 
next fitting interval. Thus, the present embodiment is applied 
with respect to all of the measurement data. 

Namely, as illustrated in FIG. 18, these steps are repeated 
while Staggering fitting intervals 1, 2, 3, and 4 So that the 
node 156 of the previous kinked line element becomes the 
Starting point of the next kinked line element. Thus, a kinked 
line having plural nodes 156 is fitted with respect to all of the 
measurement data. Because the Starting points of the geo 
metrical element fitted in this manner are present on the 
fitting geometrical element in adjacent intervals, continuity 
of the respective geometrical elements is maintained. 
Moreover, in the present embodiment, flags for whether data 
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are outlier or not are set at the same time as the fitting of the 
kinked line with respect to each measurement datum. 

In this manner, in the present embodiment, the results 
through the moving average filter are used to determine the 
divisional direction of the intervals for which fitting calcu 
lated is to be conducted. Thus, the influence of noise in the 
interval determination can be Suppressed. Moreover, in the 
present embodiment, because calculation of the divisional 
direction of the intervals becomes easy by using the moving 
average filter, the burden with respect to calculation pro 
cessing can be largely reduced. 

Additionally, in the present embodiment, Similar to the 
first embodiment, by using robust fitting calculation as the 
fitting calculation, a waveform fairing result that is Substan 
tially unaffected by outlier can be obtained. Moreover, in the 
present embodiment, by using the kinked line as the fitting 
element, continuity between the fitting elements can be 
further maintained. 

For example, a result when the present embodiment has 
been implemented is shown in FIG. 19B, with respect to a 
result in which Spike noise has been added to measurement 
data illustrated in FIG. 19A. In these drawings, conditions 
are Such that a standard length of the element (length of one 
interval obtained by interval division) is 0.5 mm, the limit 
value is 3O, and the moving average cutoff wavelength is 
4x0.5 mm. 
As is clear from FIGS. 19A and 19B, in the present 

embodiment, detection and removal of the outlier d can be 
conducted at the same time as waveform fairing by the 
kinked line 138 with respect to the measurement data 
illustrated in FIG. 19A. Also, detection and removal of the 
invalid data d can be conducted by the Subsequent invalid 
data removal Step. 

FIG. 20 illustrates comparative results of a waveform 
after fairing processing according to the present embodiment 
and a waveform after fairing processing according to a 
common Gaussian Filter. In FIG. 20, conditions are such that 
the cutoff wavelength is 0.5 mm and the standard length of 
the element is 0.5 mm. 

In (III), which represents the waveform of the present 
embodiment, the contour of edge portions of original data (I) 
becoming dull is largely reduced, in comparison to (II), 
which represents the waveform of the common Gaussian 
Filter. 

FIGS. 21A to 21C illustrate comparative results of a 
waveform after fairing processing according to the present 
embodiment and a waveform after fairing processing 
according to a common Gaussian Filter. FIG. 21A illustrates 
threaded groove measurement data, FIG. 21B illustrates a 
result after fairing processing by the common Gaussian 
Filter with respect to the threaded groove measurement data, 
and FIG. 21C illustrates a result after fairing processing in 
the present embodiment with respect to the threaded groove 
measurement data. In FIG. 21B, conditions were Such that 
the cutoff wavelength was 1.0 mm. In FIG. 21C, conditions 
were such that the standard length of the element was 0.5 
mm, the limit value was 3O, and the moving average cutoff 
wavelength was 4x1.0 mm. 

In FIG. 21C, which illustrates the waveform after fairing 
processing according to the present embodiment, damping 
of the gain is largely reduced in comparison to FIG. 21B, 
which illustrates the waveform after fairing processing 
according to the common Gaussian Filter. 
AS described above, in the measurement data fairing 

method pertaining to the present embodiment, robust esti 
mation is employed for fitting calculation for conducting 
Successive fitting of the kinked line element. As a result, in 
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the present embodiment, Similar to the first embodiment, 
discontinuity between the elements can be Suppressed in 
comparison to conventional methods. 

Moreover, in the present embodiment, the moving aver 
age filter, which is excellent in that calculation is easy, is 
used in the determination of the divisional direction of the 
fitting intervals. Thus, in the present embodiment, because 
the processing burden of calculation can be largely reduced, 
the fitting intervals can be more easily determined and in a 
shorter amount of time in comparison with the first embodi 
ment. Also, in the present embodiment, the influence of 
noise in the interval determination can be Suppressed. 

Also, in the present embodiment, because the detection 
and removal of outlier can be conducted at the same time as 
the fitting of the kinked line, fairing processing and the 
detection and removal of the outlier can be conducted easily 
and in a short amount of time. 

Also, in the present embodiment, Similar to the first 
embodiment, because there is no additional processing that 
becomes necessary when using a digital filter or the like, 
fairing can be conducted more easily and in a short amount 
of time in comparison to conventional methods. 

Also, in the present embodiment, Similar to the first 
embodiment, the statistical limit value is provided with 
respect to measurement data from which data that has been 
judged to be outlier by robust estimation has been removed. 
By detecting measurement data points exceeding this thresh 
old as invalid data, the judgment of invalid data and valid 
data can be Statistically conducted. For this reason, in the 
present embodiment, Similar to the first embodiment, the 
influence of measurement data separate from the center of 
distribution can be automatically avoided by removing the 
invalid data with respect not only to spike noise but also to 
Gaussian noise. 

It should be noted that, although a kinked line, which used 
a Straight line as a basis as a fitting form, was used in the 
present embodiment, it is also easy to Substitute the Straight 
line portion of the kinked line with another contour Such as 
a circular arc. In regard to whether the kind of element is a 
Straight line or a circular arc, this can be determined accord 
ing to the curvature and the like of the measurement data. 

Also, because the fitting of the kinked line element is 
local, the results with respect to local regions obtained at the 
measurement data fairing device of the present embodiment 
can be fed back to the measuring machine, whereby use in 
real time becomes possible. 
AS described above, according to the measurement data 

fairing method pertaining to the invention, there is com 
prised the fitting interval determination Step, in which an 
interval in which a geometrical element is fitted to measure 
ment data is determined, and the geometrical element fitting 
Step, in which interval measurement data in the interval is 
extracted and the geometrical element is robustly fitted. 
AS a result, because the invention employs robust fitting 

calculation, fairing processing can be excellently conducted 
while reducing the processing burden of the fairing process 
ing of the measurement data. Moreover, in the invention, the 
removal of outlier can be conducted by the outlier removal 
Step. Also, in the invention, the removal of invalid data can 
be conducted by the invalid data removal Step. 

Also, in the invention, the geometrical element fitting Step 
comprises the initial fitting Step, in which the geometrical 
element is robustly fitted to measurement data of an initial 
interval, and the interval extension Step, in which the inter 
Val is extended in a range in which the residual of the 
measurement data with respect to the initially fitting geo 
metrical element does not exceed an allowable residual. 
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Thus, fairing processing can be excellently conducted while 
reducing the processing burden of fairing processing of the 
measurement data. 

Also, in the invention, the fitting interval determination 
Step comprises the moving average Step, in which the 
moving average curve of the measurement data is Sought, 
and the dividing Step, in which the measurement data is 
divided into plural intervals and made into fitting intervals 
on the basis of the length of the moving average curve. Thus, 
fairing processing of the measurement data can be excel 
lently conducted while further reducing the processing bur 
den. Moreover, removal of outlier can be conducted at the 
Same time as the fairing processing of the measurement data. 

Also, in the invention, the moving average Step comprises 
the moving average computation Step, in which the moving 
average curve is Sought from the measurement data and the 
auxiliary data generated in the auxiliary data generation Step. 
Thus, because transient phenomena when the moving aver 
age curve is Sought can be largely Suppressed, the fairing 
processing can be more excellently conducted. 

Moreover, in the invention, the Starting point of the fitting 
geometrical element is present on the fitting geometrical 
element in an adjacent interval. Thus, in the invention, 
continuity between the respective fitting elements can be 
obtained. 
What is claimed is: 
1. A measurement data fairing method that fits a geo 

metrical element to measurement data and conducts fairing 
processing of the measurement data on the basis of a Statistic 
of a residual of the measurement data with respect to the 
geometrical element, Said method comprising: 

a fitting interval determination Step for determining an 
interval in which the geometrical element is to be fitted 
to the measurement data; 

a geometrical element fitting Step for extracting interval 
measurement data in the fitting interval from the mea 
Surement data and robustly fitting the geometrical ele 
ment to the extracted interval measurement data; 

an outlier removal Step for removing, on the basis of the 
result of the robust fitting conducted by the geometrical 
element fitting Step, outlier from the interval measure 
ment data and using the remaining interval measure 
ment data as the interval measurement data; 

a Statistic computation Step for computing, with respect to 
the geometrical element fitted in the geometrical ele 
ment fitting Step, a Statistic of a residual of the interval 
measurement data after the outlier removal Step; and 

an invalid data removal Step for removing, as invalid data, 
measurement data that exceeds a predetermined limit 
value of the Statistic of the residual of the measurement 
data with respect to the geometrical element from the 
interval measurement data after the outlier removal Step 
on the basis of the Statistic of the residual computed in 
the Statistic computation Step, and using the remaining 
interval measurement data as the interval measurement 
data. 

2. The measurement data fairing method according to 
claim 1, wherein the geometrical element fitting Step, the 
outlier removal Step, the Statistic computation Step, and the 
invalid data removal Step are Successively conducted for a 
next fitting interval using, as a starting point of the next 
fitting interval, next data adjacent to an ending point of the 
interval determined in the fitting interval determination Step. 

3. The measurement data fairing method according to 
claim 1, wherein the fitting interval determination Step 
comprises 
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an initial interval Setting Step for Setting an initial interval 

of a predetermined data number for the measurement 
data, 

an initial fitting Step for extracting, from the measurement 
data, initial interval measurement data in the initial 
interval Set in the initial interval Setting Step, and 
robustly fitting the geometrical element to the extracted 
initial interval measurement data, and 

an interval extension Step for extending the initial interval 
in a range in which the residual of the measurement 
data with respect to the geometrical element fitted in 
the initial fitting Step does not exceed a predetermined 
allowable residual of the measurement data with 
respect to the geometrical element, and using the initial 
interval as the fitting interval of the geometrical ele 
ment. 

4. The measurement data fairing method according to 
claim 1, wherein the fitting interval determination Step 
comprises 

an interval number Setting Step for Setting a number of 
intervals of the measurement data, 

a moving average Step for Seeking a moving average 
curve of the measurement data, and 

a dividing Step for dividing, on the basis of a result when 
a length of the moving average curve Sought in the 
moving average Step has been divided at the interval 
number Set in the interval number Setting Step, the 
measurement data into the interval number Set in the 
interval number Setting Step, and respectively using the 
divided measurement data as the fitting interval. 

5. The measurement data fairing method according to 
claim 4, wherein the moving average Step comprises 

an auxiliary data generation Step for generating auxiliary 
data of at least one of prepositional data prepared at a 
portion before a Starting point of the measurement data 
and postpositional data prepared after an ending point 
of the measurement data, and 

a computation Step for Seeking the moving average curve 
from the measurement data and the auxiliary data. 

6. The measurement data fairing method according to 
claim 5, wherein the auxiliary data are generated by mir 
roring conversion using the Starting point or the ending point 
of the measurement data as a center. 

7. The measurement data fairing method according to 
claim 5, wherein, when a distance between the Starting point 
and the ending point of the measurement data is within a 
predetermined distance, the prepositional data are generated 
using part of the measurement data positioned before the 
ending point of the measurement data and the postpositional 
data are generated using part of the measurement data 
positioned after the Starting point of the measurement data. 

8. The measurement data fairing method according to 
claim 1, wherein a type of the geometrical element com 
prises one or two or more types Selected from the group 
consisting of a Straight line, a kinked line, and a circular arc. 

9. The measurement data fairing method according to 
claim 2, wherein a type of the geometrical element com 
prises plural geometrical elements. 

10. The measurement data fairing method according to 
claim 2, wherein a starting point of the fitting geometrical 
element is present on the geometrical element in an adjacent 
previous interval. 


